The territorial dimension of the European convergence policy is represented by polycentricity. The main challenge in promoting a polycentric and balanced territorial development is represented by an accurate delineation of the functional urban areas. Effective development strategies require the extension of functional areas to be scientifically defined as a critical mass. According to several studies, Functional Urban / Metropolitan Areas can be determined based on the number of commuters going to the core city, in different shares of the total economically active population. The evaluation of the polycentric development of the network of settlements in Romania is hampered by the lack of reliable data on the number of commuters at the settlement level. The indicator is not statistically monitored and consequently misses from the list of indicators quantified by the National Institute of Statistics. Therefore, the present study has as main purpose to identify the Functional Urban Areas in Romania for cities with more than 30,000 inhabitants. The methodology is based on the statistical support of ArcGIS 10.3 and on analyses based on indicators such as population and number of employees (absolute values and dynamics) at the level of settlements (LAU 2). The results of the study consist of mapping the functional urban areas of the large Romanian cities, which allows an assessment of the legally constituted metropolitan areas of Romania.
INTRODUCTION
The topic of polycentrism has gained importance in recent years and has become a normative concept in the European agenda of spatial planning (Faludi, 2006; Eskelinen & Fritsch, 2009; Petrişor, 2017) . According to the main territorial documents of the European Union, polycentric development represents a strategic tool that can promote economic competitiveness (Hague & Kirk, 2003) , social cohesion and environmental sustainability (CSD, 1999) . In a polycentric system, the development of each city (as an element of the urban system) depends on its territorial capital and relevant assets providing location-based advantages regarding its competitiveness on different spatial levels (Giffinger & Gudrun, 2010) . Assessing the polycentric structure of national urban systems is a relevant task for policies, because it is necessary to understand the contribution of different regions to national prosperity and whether the investment priorities should move towards few large and capital cities or spread in a wider set of cities (Brezzi & Veneri, 2015; Annoni & Dijkstra, 2013) . One of the main issues when performing analysis of polycentric regions and proposing regional development policies is that there are no widely used standards to identify them (Davoudi, 2003) . In polycentric regions, cities are well-connected and interrelated through cooperation flows (Cowell, 2010) . Today, more and more jobs are created in the fringe areas, e.g. along the motorways and in the proximity of airports, but people prefer to live in the city centres resulting in genuine two-way travel-to-work flows. Thus, the core (centre) of an urban region and its fringe areas (adjacent urban areas) have formed an increasingly interwoven and interactive functional region (Van der Laan, 1998) .
In order to assess a country's polycentricity, it is necessary first to establish functional urban areas. The delineation of functional urban areas in most European countries is based on the same principle, i.e., the commuting conditions. However, despite this similarity in the approach towards their definition, differences in the conceptual basis suggest a distinction depending on certain specific characteristics of the country and implicitly on the size factor. The compatibility between functional and administrative regions is an important issue since it reflects the way in which different territorial levels fit together and can determine administrative tasks and responsibilities. The new spatial development perspective is a dynamic concept; cities are not seen only as supply centres, but also as engines of development (Schindegger, 2002) . Sassen (2001) and Castells (1996) emphasize the relevance of flows between the nodes of the network drawn by the global economy; "flow" means the exchange of goods, capital, people, and information.
To be able to represent development and polarization factors, cities should be understood as dynamic functional areas. The lack of an optimal definition of functional urban areas can undermine even the best local strategies and ultimately lead to unsatisfactory results in terms of development. Functional urban areas are often identified with metropolitan areas.
The development of Europe's economic territory today can be characterized as a process of metropolisation of economic development potentials and innovation capacities (Krätke, 2007) . Functional specialization is an important dimension of polycentricity, as it can differentiate cities and produce the necessary flows for economic and political integration. Metropolisation is one of the most dynamic processes of the contemporary world, being able to change the existing settlement patterns or create new relations between large cities (Jałowiecki, 2006) . According to Privelli (2003) , the extent of metropolitan functions in the contemporary world depends on the type and quality of services offered by the city, on the level of scientific and technological development, on the abilities of service providers and consumers to use the Antonio Valentin TACHE, Oana-Cătălina POPESCU, Sorin Daniel MANOLE, Alexandru-Ionuț PETRIŞOR Methodology for Assessing the Romanian Functional Urban Areas Using GIS and LAU 2 Territorial Indicators achievements of civilization, on the economic, technical and legal access to these functions, on the type of legal and administrative system, and on the political situation.
The new vision on spatial planning at European and global level refers to the evolution of cities as intelligent metropolis. According to Giffinger and Godrun, the term "intelligent" incurs, in particular, the implicit or explicit ambition of a city to improve its economic, social and environmental standards, and therefore its competitiveness in urban competition.
In Romania, the creation of intelligent metropolitan areas at European level requires a new strategy to maximize the integrated development of major cities. Changes that have known metropolitan areas as time and space reflect the evolution of economy and society (Boix et al., 2012) . Analyses conducted lately demonstrate an economic and social development at different speeds (Tache & Petrişor, 2017) . In this regard, it is imperative to carry out a diagnostic analysis to redefine the real functional urban areas of the Romanian municipalities functioning as county seats, highlighting their socio-economic typology, and their functional / intelligent functional specializations.
This study aims to present a methodology developed to approximate the Functional Urban Areas around major Romanian cities based on the statistical support of ArcGIS 10.3 and on the dynamics of specific indicators (population and number of employees) at the LAU 2 administrative level.
METHODOLOGY
The most commonly used and applied methods in the evaluation of polycentrism are the techniques based on the Geographic Information Systems -GIS (Nordregio et al., 2005; Hoyler et al., 2008; Petrişor, 2016) and spatial econometric techniques, using in particular the estimation of nonlinear functions (McDonald & Prather, 1991; Meijers & Sandberg, 2008) , the method of the smallest ordinary squares (Trullén & Boix, 2001) or weighted regressions (McMillen & McDonald, 1998; McMillen & Smith, 2003) . Descriptive statistics can also be applied, which use indicators such as the Gini coefficients, localization and specialization coefficients (Gordon & Richardson, 1996; Trullén & Boix, 2003; and the Moran index (Baumont et al., 2004; Guillain et al., 2004) . Quantitative and cartographic approaches can be quickly performed. They can rapidly communicate the results to policy makers and, using iterations, the impact of different alternative planning scenarios can be tested (Marull et al., 2007) .
A polycentric network relies on large urban areas with an important growth potential in the settlement network and a transport infrastructure able to efficiently interconnect the areas with a competitive potential. At a national level, polycentric development is needed in order to identify priorities and development goals. It is also necessary to develop an effective polycentric network, directly correlated with functional and strategic levels at a regional, county and local scale (Tache & Tache, 2016) .
Urban areas seen as polycentric development nodes have been the subject of numerous studies at European and national level. Some of them delineate Functional Urban Areas (Functional Metropolitan Areas) based on commuting data towards the workplace, with a 15% threshold of the number of commuters to the core city reported to the economically active population. Unfortunately, in Romania, data on the number of commuters at LAU 2 administrative level is not provided by the Romanian National Institute of Statistics; such data 27 Antonio Valentin TACHE, Oana-Cătălina POPESCU, Sorin Daniel MANOLE, Alexandru-Ionuț PETRIŞOR Methodology for Assessing the Romanian Functional Urban Areas Using GIS and LAU 2 Territorial Indicators are collected by municipalities and often lack evaluation techniques or scientific models. In more details, the County Divisions of Statistics receive LAU 2 data on commuters from the specialized personnel of the city or commune administrations. However, these data highlighted large gaps among counties, as underlined by the project "Administrative-territorial Reform: Towards More Efficient Local Administrations in Romania", co-funded by the European Social Fund through the Operational Program "Development of the Administrative Capacity" (code SMIS 32602). As a result, some of the collected data is not in line with reality, creating confusion in the local analyses.
The lack of data on the number of commuters in Romanian major cities entails an approximate delineation of Functional Urban Areas determined by specific indicators and assessment methods. For these reasons, this study has developed a methodology for the evaluation of the Functional Urban Areas of major Romanian cities based on the GIS techniques and on statistical indicators referring to population and employees at the lowest administrative level (LAU 2). The spatial database was uploaded with data for the period 2008 -2015 that allow the assessment of their dynamics, too. Since the primary interest focused on recent dynamics of metropolitan areas in terms of population and number of employees, the years of particular interest were: 2008 (real estate boom), 2011 (first post-crisis year, its inclusion might offer hints on the economic resilience), and 2015/2016 (last years covered by data). For the evaluation of the Romanian Functional Urban Areas, 77 cities/municipalities with a population of more than 30,000 inhabitants were considered, totalizing 9,706,632 inhabitants (in 2015). Several synthetic maps were drawn up to highlight the potential of these cities and their adjacent areas.
The methodology consists of a quantitative analysis using relevant statistical indicators and a qualitative impact criterion. In this regard, the purpose of the methodology is to identify those combinations of statistical indicators that really make sense in the logical order of criteria which were used to identify the functional urban areas. For this reason, the reference years were 2008, 2011, and 2015 for the number of employees, and, respectively, 2008, 2011, and 2016 for the population. 2008 corresponds to the peak of Romanian economic development, 2011 is the year when economy showed its first positive post-crisis trends, and 2015 and 2016 are the last years covered by statistical data.
In order to make a correct evaluation of the Functional Urban Areas in Romania, the methodology for the evaluation of the overall territorial index (Tache et al., 2017) was used in a modified form. The original methodology was based on statistical indicators used for spatial planning activity and on an innovative mathematical solution that used the Natural Breaks (Jenks) classification scheme. In this study, equal intervals were used instead of Jenks classification. The statistical indicators belong to the following domains: Population, Transport, Economy, Utilities, Natural Conditions, Social, and Culture. An overall territorial index was computed by weighting the values of all indicators used in above-mentioned areas. The weights established by the specialists working in the field of spatial planning were the following:
- The ArcGIS 10.3 software was used for mapping the competitiveness of Romanian settlements, by overlaying all maps against the territorial index map, producing a synthetic map of potential functional urban areas, sorted using the software provided criteria.
RESULTS AND DISCUSSION
The synthetic map (Figure 1) presents the dynamic of the number of employees and of the number of inhabitants between 2011 and 2015 at LAU2 level (the level of locality) in Romania. Figure 1 shows that the Romanian cities over 30,000 inhabitants had the following dynamic (data for the years 2008, 2011, and 2015):
-The cities that had a positive dynamic of the population in 2015 compared to 2011 are: Alba Iulia, Bacău, Bistriţa, Cluj-Napoca, Iaşi, Năvodari, Rădăuţi, Săcele, Sebeş, Sibiu, Vaslui, Voluntari. If in the case of large cities (such as Cluj-Napoca, Iaşi, Sibiu, Alba Iulia, Bacău and even Bistriţa or Vaslui), growth was due to an increase of the economic potential and due to the attraction of the work force from the peripheral cities, small and average towns (such as Rădăuţi, Săcele, Sebeş, Voluntari, Năvodari) can attract, through their functional specializations, the work force of adjacent areas and neighbouring large cities. It can be noticed that major cities did not have a positive dynamic of population in this period, such as Bucharest, Timişoara, Arad, Braşov, Constanţa, Oradea, Craiova, Satu Mare, Baia Mare or Suceava, although their adjacent settlements have a positive dynamic of population and employees between 2011 and 2015. In the case of Bucharest, the capital of Romania, and in many county seats, the population dynamic was due to the development of metropolitan areas (Tache et al., 2018) , which led to a migration of the population of the urban core to the hinterland areas. External migration was an important factor in the case of young people, especially for those having an education above the average.
-Most cities had an increase in the number of employees in 2015 compared to 2011 (58 out of 77 cities), except for the cities: Sighetu Marmaţiei, Dorohoi, Dej, Turda, Timişoara, Lugoj, Caransebeş, Hunedoara, Petroşani, Făgăraş, Săcele, Râmnicu Vâlcea, Curtea de Argeş, Ploieşti, Miercurea Ciuc, Oneşti, Vaslui, Bârlad, and Feteşti. It is to be noticed that Timişoara and Ploieşti have a peri-urban area with a positive economic dynamic, although the number of employees in these two municipalities in 2015 was lower than the number of employees in 2011. The increase of the number of employees in most cities during 2011-2015 was a normal consequence after its abrupt decrease during 2008-2010. However, some cities understood the need for implementing integrated development strategies aimed at increasing their attractiveness and using European funds to attract investments and improve their management; all these resulted in increasing their competitiveness faster than other cities.
-An analysis of the population in these cities between 2008 and 2015 (since the beginning of the economic crisis) shows a continuous increase in the following cities: Alba Iulia, Bistrița, Cluj-Napoca, Iaşi, Năvodari, Rădăuţi, Săcele, Sebeş, Sibiu, and Voluntari. A similar analysis shows that, in the same period, only Voluntari had a constant increase of the number of employees. Another type of analysis for assessing the Functional Urban Areas in Romania was made using the ratio between the number of employees and that of the population in the years 2011 and 2015. Figure 2 shows the dynamic of the number of employees relative to the population in 2011, on the 10 categories of the standard classification scheme on Natural Breaks (Jencks), obtained using the ArcGIS 10.3 statistical support.
The ratio of the number of employees and the number of people at the level of settlements in 2011 shows increased values in the periurban area of Bucharest and Oradea, and partially in the area of Arad, Braşov, Sibiu, Deva, Alba Iulia and Târgu Mureş municipalities. Increased values of this ratio were also found in the southern part of Gorj County, the northern part of Vâlcea County and in the southern part of Sibiu County. The map presented in Figure 3 illustrates the ratio of the number of employees and population in 2015, on the 10 categories of the standard classification scheme on Natural Breaks (Jencks), obtained using the ArcGIS 10.3 statistical support.
According to these findings, there is a sharp increase of the ratio of the number of employees and of the population in the area of Arad and Timiș Counties, compared to 2011. Practically Timiş County has a significant increase in all settlements, and the peri-urban area around Timișoara is forming a metropolitan area with high potential for development.
The same increase of this report was found in Arad County, at the intersection between Arad and Timişoara and metropolitan areas, being created the premises for the appearance of a corridor of great potential for economic development. A similar corridor of economic development seems to be created in the corridor Sibiu-Sebeş-Alba Iulia. Otherwise, the same areas as in 2011 have high values of this ratio at LAU 2 level in 2015, as well as the low and very low values. The map identifies areas and corridors with a future potential for development. It also shows the need for developing the Timişoara-Arad conurbation, with a high potential, of the economic corridors Bucureşti-Ploieşti-Braşov, Satu Mare-Baia Mare, Sibiu-Sebeş-Alba, Bacău-Piatra Neamţ, and of the large cities, such as Cluj-Napoca, Oradea, Piteşti, and Constanţa which generated work places in their hinterland and important commuting flows. Antonio Valentin TACHE, Oana-Cătălina POPESCU, Sorin Daniel MANOLE, Alexandru-Ionuț PETRIŞOR Methodology for Assessing the Romanian Functional Urban Areas Using GIS and LAU 2 Territorial Indicators
In order to have a clearer picture of the dynamic of the number of employees in relation to the population between 2011 and 2015, a map presenting the dynamic of the ratio employees/population in the period 2011-2015 was created (Figure 4) .
The dynamic of the ratio employees/population at LAU 2 level in the period 2011-2015 reveals a positive trend of settlements belonging to Arad, Timiș, Alba, Sălaj, Teleorman, and Vaslui Counties, although they are less developed. A positive trend is also found for settlements belonging to Olt, Argeş, Prahova, Buzău, Vrancea, Constanţa, Satu Mare, Covasna, Galaţi, and Suceava Counties.
The analysis shows, similar to the previous findings, the capacity of many Romanian cities to generate work places in their core and peripheries. Using the weighted indices, the map of the territorial index was drawn up at the settlement level (LAU 2). The attractiveness index grouping was performed using 10 intervals according to the Natural Breaks (Jencks) standard breakdown scheme, obtaining 10 groups, to which scores from 1 to 10 were assigned in increasing order ( Figure 5 ). The map is an output of the methodology developed by Tache et al. (2016) , presented in the previous section; the main result of this study is the territorial competitiveness index of LAU2 units in Romania. The yellow/orange areas have a higher economic potential than the national average, and the blue ones are situated below it.
All these findings made possible an evaluation for all Romanian functional urban areas corresponding to the neighbouring areas of big cities (with more than 30,000 inhabitants). The resulting map of functional urban areas is presented in Figure 6 .
A first remark related to these results is that, in Romania, the actual metropolitan areas, legally established through association and based on voluntary partnership, are much more extensive than the functional urban areas resulting from the present study, with the exception of Arad and Timișoara. It can be concluded that in Romania the metropolitan areas, as established on a political basis so far, can emerge through realistic metropolitan development plans and effective metropolitan governance. Based on the results, the only Romanian functional urban areas are the Arad-Timişoara conurbation, Oradea, and Bucharest. The potential functional urban areas are situated around Braşov, Constanţa, Baia Mare, Ploieşti, and Piteşti. Antonio Valentin TACHE, Oana-Cătălina POPESCU, Sorin Daniel MANOLE, Alexandru-Ionuț PETRIŞOR Methodology for Assessing the Romanian Functional Urban Areas Using GIS and LAU 2 Territorial Indicators 
